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What is claimed is : 

1 . A chimeric fibroblast growth factor (FGF), comprising: 

a. a biologically active fibroblast growth factor(FGF) protein having a 
first amino acid sequence; and, 

b. a penetratin peptide having a second amino acid sequence, wherein 
said penetratin peptide transports said chimeric fibroblast growth factor (FGF) across 
a lipid bilayer of a cell independently of the presence of an FGF receptor, wherein 
said second amino acid sequence'lslinked to said first amino acid sequence; 
wherein said chimeric fibroKlast growth factor (FGF) is characterized by: 

(i) fibroblast growth factor (FGF) biological activity in the 
absence offteparan sulfate; and, 

li) entry into a living cell in the absence of a receptor that binds 

to/GF. 

2. The chimeiic fibroblast growth factor (FGF) of Claim 1, wherein said FGF 
biological activity is characterized by: 

a. reprqpsion of terminal differentiation in the absence of heparan 
sulfate; and, 

b. promotion of cell proliferation in the absence of heparan sulfate. 

3 . The chimeric fibroblast growth factor (FGF) of Claim 1 , wherein said second 
amino acid sequence is linked to the N-terminus of said first amino acid sequence. 

4. The chimeric fibroblast growth factor (FGF) of Claim 1, wherein said FGF 
protein is encoded by a nupleic acid molecule that hybridizes under stringent hybridization 
conditions to a nucleic acid molecule encoding a protein selected from the group consisting 
of fibroblast growth factor-u (FGF- 1) protein and fibroblast growth factor-2 (FGF-2) protein, 
wherein said FGF protein tyas FGF biological activity. 

5. The chimer c fibroblast growth factor (FGF) of Claim 1, wherein said FGF 
oup consisting of a fibroblast growth factor- 1 (FGF-1) protein 
t-2 (FGF-2) protein. 



52 



protein is selected from ti 
and a fibroblast growth fz 




2848-32 

6. The chimeric fibroblast growth factor (FGF) of Claim 1 , wherein said FGF 
protein comprises an amino acid sequence selected from the group consisting of SEQ ID 
NO:5, SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8. 

7. The chimeric fibroblast growth factor (FGF) of Claim 1, wherein said FGF 
protein is a fibroblast growth factor-2 protein. 

8. The chimeric fibroblast growth factor (FGF) of Claim 1, wherein said FGF 
protein has an amino acid sequence comprising from position 18 through position 172 of 
SEQ ID NO:2 or from position 17 through 171 of SEQ ID NO:4. 

9. The chimeric fibroblast growth factor (FGF) of Claim 1, wherein said 
penetratin peptide is selected from the group consisting of: 

a. a first peptide having an amino acid sequence selected from the group 
consisting of: 

(i) X 1 -X 2 -X 3 -X4-X 5 -X 6 -X 7 -X 8 -X 9 -X 10 -X u -X 1 2-X 1 3-X 14 -X 15 -X l6 ; 

and, 

(ii) X 16 -X 15 -X 14 -X 13 -X I2 -X U -X 10 -X 9 -X 8 -X 7 -X 6 -X 5 -X 4 -X 3 -X 2 -X 1 ; 
wherein X 1? X 2 , X 3 , X 4 , X 5 , X 75 X 8 , X^ X 10 , X u , X 12 , X 13 , X 14 , X 15 , and 

X 16 each represent an a-amino acid, between 6 and 10 of which are 
hydrophobic amino acids; and wherein X 6 represents Trp; and, 

b. a second peptide comprising amino acid residues 49-57 of HIV Tat 
protein (SEQ ID NO:17). 

1 0. The chimeric fibroblast growth factor (FGF) protein of Claim 9, wherein said 
second peptide does not comprise amino acid residues 22-36 or 73-86 of HIV Tat protein 
(SEQ ID NO: 17). 

11. The chimeric fibroblast growth factor (FGF) of Claim 9, wherein said first 
peptide is selected from the group consisting of a peptide comprising helix 3 of a homeobox 
domain and a homeobox domain. 

12. The chimeric fibroblast growth factor (FGF) of Claim 9, wherein said first 
peptide comprises an amino acid sequence selected from the group consisting of SEQ ED 
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N0:9, amino acid residues 42 through 58 of SEQ ID NO:9, amino acid residues 43 through 
59 of SEQ ID NO:9, amino acid residues 43 through 58 of SEQ ID NO:9, amino acid 
residues 58 through 43 of SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:l 1, SEQ ID NO:12, 
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, and SEQ ID NO:16. 

13. The chimeric fibroblast growth factor (FGF) of Claim 9, wherein said first 
peptide comprises amino acid residues 2-17 of SEQ ID NO:2. 

14. The chimeric fibroblast growth factor (FGF) of Claim 9, wherein said second 
peptide comprises an amino acid sequence from an HIV Tat protein selected from the group 
consisting of amino acid residues 37-72 of SEQ ID NO: 17, amino acid residues 38-72 of 
SEQ ED NO: 17, amino acid residues 47-72 of SEQ ID NO: 17, amino acid residues 37-58 of 
SEQ ID NO:17, amino acid residues 38-58 of SEQ ID NO:17, amino acid residues 47-58 of 
SEQIDNO:17, amino acid residues 1-21 and 38-72 ofSEQ ID NO: 17, amino acid residues 
47-62 of SEQ ID NO: 17, amino acid residues 38-62 of SEQ ID NO: 17, amino acid residues 
1-72 of SEQ ID NO:17, amino acid residues 1-58 of SEQ ID NO:17, and amino acid 
residues 48-60 of SEQ ID NO: 17. 

1 5 . The chimeric fibroblast growth factor (FGF) of Claim 9, wherein said second 
peptide comprises amino acid residues 48-60 of SEQ ID NO: 17 or amino acid residues 2-14 
ofSEQIDNO:4. 

16. The chimeric fibroblast growth factor (FGF) of Claim 1, wherein said 
chimeric fibroblast growth factor (FGF) comprises an amino acid sequence selected from the 
group consisting of SEQ ID NO:2 (HLX-FGF) and SEQ ID NO:4 (TAT-FGF). 

17. The chimeric fibroblast growth factor (FGF) of Claim 1, wherein said 
chimeric fibroblast growth factor (FGF) is encoded by a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:l (HLX-FGF) and SEQ ID NO:3 (TAT-FGF). 

18. A therapeutic composition comprising the chimeric fibroblast growth factor 
(FGF) of Claim 1 and a pharmaceutically acceptable excipient. 
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19. A recombinant nucleic acid molecule encoding a chimeric fibroblasfgr owt h 
factor (FGF), comprising: X 

a. a first isolated nucleic acid sequence encoding a,biologically active 
fibroblast growth factor (FGF) protein; and, X 

b. a second isolated nucleic acid sequence encoding a penetratin peptide 



that transports said chimeric fibroblast growth factor (FGF) across a lipid bilayer of 
a/ell independently of the presence of an FGP'receptor, wherein said second nucleic 
/acid sequence is linked to said first nucleic acid sequence; 
/ wherein said first and second nuqleic acid sequences are operatively linked to a 




transcription control sequence; and, 

wherein said chimeric fibroblast growth factor (FGF) is characterized by: 

(i) ^/fibroblast growth factor biological activity in the absence of 
heparan sulfate; and, 

(ii) entry into a living cell in the absence of a receptor that binds 




20. The recombinant nucleic acid molecule of Claim 20, wherein said fibroblast 
growth factor biological activity is characterized by: 

a. repression of terminal differentiation in the absence of heparan 
sulfate; and, 

promotion of cell proliferation in the absence of heparan sulfate. 

lucleic acid molecule of Claim 20, wherein said first nucleic 
ringent hybridization conditions to a nucleic acid molecule 
ded from the group consisting of a fibroblast growth factor- 1 
(FGF-1) protein and a fibrofcljist growth factor-2 (FGF-2) protein, wherein said FGF protein 
has FGF biological activity. 

22 . The recombinant nucleic acid molecule of Claim 20, wherein said first nucleic 
acid sequence encodes an FGF protein selected from the group consisting of a fibroblast 



21. Therecombin; 
acid sequence hybridizes unq'c 
encoding an FGF protein sel 

•obi 



growth factor- 1 (FGF-1) pro 



;in and a fibroblast growth factor-2 (FGF-2) protein. 
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23 . The recombine nt nucleic acid molecule of Claim 20, wherein said first nucleic 
acid sequence encodes an FGF protein comprising an amino acid sequence selected from the 
group consisting of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8. 

24. The recombinant nucleic acid molecule of Claim 20, wherein said first nucleic 
acid sequence encodes a fibre blast growth factor-2 protein. 

25 . The recombinant nucleic acid molecule of Claim 20, wherein said first nucleic 
acid sequence comprises from nucleotide 59 to 523 of SEQ ID NO:l or from nucleotide 59 
to 523 ofSEQIDNO:3. 

26. The recombinant nucleic acid molecule of Claim 20, wherein said second 
nucleic acid sequence encodes a penetratin peptide selected from the group consisting of: 

t )eptide having an amino acid sequence selected from the group 



a. a first 
consisting of: 

(0 

and, 

00 



^,-X2-X 3 -X 4 -X 5 -X 6 -X 7 -X 8 -X 9 -X, 0 -X 11 -X 12 -X 1 3-X 14 -X 15 -X 16 ; 



X 16 -X 15 -X 1 4-X 1 3-X I 2-X, 1 -X 10 -X 9 -X 8 -X 7 -X 6 -X5-X4-X3-X 2 -X I ; 
wherein X l5 X 2 , X 3 , X 4 , X 5 , X 7 , X 8 , Xg, X 10 , X u , X 12 , X 13 , X 14 , X 15 , and 
X 16 each represent an a-amino acid, between 6 and 10 of which are 
hydrophobic amino acids; and wherein X 6 represents Trp; and, 

a second peptide comprising amino acid residues 49-57 of HIV Tat 
protein (SEQ ID NO: 17). 

27. The recombinant nucleic acid molecule of Claim 27, wherein said peptide 
does not comprise amino acid residues 22-36 or 73-86 of HIV Tat protein (SEQ ID NO: 17). 

28 . The recombin ant nucleic acid molecule of Claim 27, wherein said first peptide 
is selected from the group consisting of a peptide comprising helix 3 of a homeobox domain 
and a homeobox domain. 

29. The recombim nt nucleic acid molecule of Claim 27, wherein said first peptide 
comprises an amino acid sequence selected from the group consisting of SEQ ID NO:9, 
amino acid residues 42 through 58 of SEQ ID NO:9, amino acid residues 43 through 59 of 
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SEQ ID N0:9, amino aci(j residues 43 through 58 of SEQ ID NO:9, amino acid residues 58 
through 43 of SEQ ID 1*0:9, SEQ ID NO:10, SEQ ID N0:11, SEQ ID N0:12, SEQ ID 
NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, and SEQ ID NO: 16. 

30. The recom jinant nucleic acid molecule of Claim 27, wherein said second 
peptide comprises an amir o acid sequence from an HTV Tat protein selected from the group 
consisting of amino acid residues 37-72 of SEQ ID NO: 17, amino acid residues 38-72 of 
SEQ ID NO: 17, amino acid residues 47-72 of SEQ ID NO: 17, amino acid residues 37-58 of 

[residues 38-58 of SEQ ID NO: 17, amino acid residues 47-58 of 
SEQIDNO:17, amino acicj residues 1-21 and 38-72 of SEQ ID NO: 17, amino acid residues 
47-62 of SEQ ID NO: 17, ariino acid residues 38-62 of SEQ ED NO: 17, amino acid residues 
1-72 of SEQ ID NO: 17, iriino acid residues 1-58 of SEQ ED NO: 17, and amino acid 
residues 48-60 of SEQ ED N£):17. 

31. The recombinant nucleic acid molecule of Claim 27, wherein said second 
nucleic acid sequence comprises nucleotides 11 to 58 of SEQ ED NO:l. 

32. The recombipyA nucleic acid molecule of Claim 27, wherein said second 
nucleic acid sequence compmses residues 14 to 52 of SEQ ED NO:3. 

33. The recombinant nucleic acid molecule of Claim 20, wherein said 
recombinant nucleic acid molecule comprises a nucleic acid sequence selected from the 
group consisting of SEQ ED Nd):l and SEQ ID NO:3. 

34. The recombinant nucleic acid molecule of Claim 20, wherein said 
recombinant nucleic acid molecule comprises a nucleic acid sequence encoding an amino 



acid sequence selected from the 



group consisting of SEQ ED NO:2 and SEQ ED NO:4. 



35. A recombinant c£ 11 that expresses the recombinant nucleic acid molecule of 
Claim 20. 

36. A recombinant vjrus comprising the recombinant nucleic acid molecule of 
Claim 20. 
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37. A method to produce a chimeric fibroblast growth factor (FGF), comprising 
culturing in an effective medium a recombinant cell comprising a recombinanUiucleic acid 
molecule encoding a chimeric fibroblast growth factor protein, said recombinant nucleic acid 
molecule comprising: 

a. a first isolated nucleic acid sequence encoding a biologically active 
fibroblast growth factor (FGF) protein; and, / 

b. a second isolated nucleic acid sequence encoding a penetratin peptide 
1 hat transports said chimeric fibroblast growth factor (FGF) across a lipid bilayer of 
a cell independently of the presence of an'FGF receptor, wherein said second nucleic 

/acid sequence is linked to said first/nucleic acid sequence; 
wherein said first and seconcLnucleic acid sequences are operatively linked to a 
transcription control sequence; and; 

wherein said chimeric fibroblast growth factor (FGF) is characterized by: 

(i) ^ fibroblast growth factor biological activity in the absence of 
heparan sulfate; and, 

(ii) entry into a living cell in the absence of a receptor that binds 

to'FGF; 

/ 

wherein said recombinant cell expresses said chimeric fibroblast growth factor (FGF). 
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38. A method to repress terminal differentiation and promote proliferation in a 
cell, comprising administering to a cell a chimeric fibroblast growth factor (FGF) protein 
comprising: 

a. a biologically active fibroblast growth factor (FGF) protein having a 
first amino acid sequence; and, 

b. a penetratin peptide having a second amino acid sequence, wherein 
said penetratin peptide transports said chimeric fibroblast growth factor (FGF) across 
a lipid bilayer of a cell independently of the presence of an FGF receptor, wherein 
said second amino acid sequence is linked to said first amino acid sequence; ^ 
wherein said chimeric fibroblast growth factor (FGF) is characterized by: 

(i) fibroblast growth factor biological activity in the absence of 
heparan sulfate; and] 

(ii) entry i^ito a living cell in the absence of a receptor that binds 
to FGF. 

39. The method of Claim 39, wheremfsaid cell has reduced heparan sulfate 
proteoglycan production characteriz^d-^by a reduction in both repression of terminal 

ifferentiation and promotionofproliferation in the presence of naturally occurring fibroblast 
owth factor. 

40. The method of Claim 39, wherein said cell is a cell of patient that has a 
condition selected frorik the group consisting of stroke, nerve damage, bone damage, muscle 
damage, and a wound. 

41. The metlfcd of Claim 39, wherein said chimeric fibroblast growth factor 
(FGF) is administered to said cell in vivo. 



59 




2848-32 



42. A method to enhance a biological process selected from the group consisting 
of mitogenesis, angiogenesis, wound healing, neurogenesis, limb patterningjimb outgrowth, 
comprising administering to cells associated with said biological^process a chimeric 
fibroblast growth factor (FGF) comprising: 

a. a biologically active fibroblast growth^factor (FGF) protein having a 
first amino acid sequence; and, / 

b. a penetratin peptide having a second amino acid sequence, wherein 
said penetratin peptide transports said^Wmeric fibroblast growth factor (FGF) across 
a lipid bilayer of a cell independently of the presence of an FGF receptor, wherein 
said second amino acid sequence is linked to said first amino acid sequence; 
wherein said chimeric/fibroblast growth factor (FGF) is characterized by: 
/ (i) / fibroblast growth factor biological activity in the absence of 

heparan sulfate; and, 

(ii) entry into a living cell in the absence of a receptor that binds 
to FGF. 
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